Mitochondrial damage and its role in causing hepatocyte injury during stimulation of lipid peroxidation by iron nitriloacetate.
Incubation of isolated rat hepatocytes with 0.1 mM iron nitrilotriacetic acid (FeNTA) caused a rapid rise in lipid peroxidation followed by a substantial increase in trypan blue staining and lactate dehydrogenase release, but did not affect the protein and non-protein thiol content of the cells. Hepatocyte death was preceded by the decline of mitochondrial membrane potential, as assayed by rhodamine 123 uptake, and by the depletion of cellular ATP. Chelation of extracellular Ca2+ by ethylene glycol bis(beta-aminoethyl ether) N,N'-tetraacetic acid or inhibition of Ca2+ cycling within the mitochondria by LaCl3 or cyclosporin A did not prevent the decline of rhodamine 123 uptake. On the other hand, a dramatic increase in the conjugated diene content was observed in mitochondria isolated from FeNTA-treated hepatocytes. Oxidative damage of mitochondria was accompanied by the leakage of matrix enzymes glutamic oxalacetic aminotransferase (GOT) and glutamate dehydrogenase (GLDH). The addition of the antioxidant N,N'-diphenylphenylene diamine (DPPD) completely prevented GOT and GLDH leakage, inhibition of rhodamine 123 uptake, and ATP depletion induced by FeNTA, indicating that Ca(2+)-independent alterations of mitochondrial membrane permeability consequent to lipid peroxidation were responsible for the loss of mitochondrial membrane potential. DPPD addition also protected against hepatocyte death. Similarly hepatocytes prepared from fed rats were found to be more resistant than those obtained from starved rats toward ATP depletion and cell death caused by FeNTA, in spite of undergoing a comparable mitochondrial injury. A similar protection was also observed following fructose supplementation of hepatocytes isolated from starved rats, indicating that the decline of ATP was critical for the development of FeNTA toxicity. From these results it was concluded that FeNTA-induced peroxidation of mitochondrial membranes impaired the electrochemical potential of these organelles and led to ATP depletion which was critical for the development of irreversible cell injury.